ABSTRACT -The objective of this study was to present some factors affecting feed efficiency in dairy goats. To develop our work, individual and average data from performance experiments with lactating goats were used. The following variables were evaluated: gross feed efficiency, adjusted feed efficiency, dry matter intake, milk-yield, 3.5% fat-corrected milk yield, dry matter digestibility, dietary neutral detergent fiber content, different roughage-to-concentrate ratios and body weight. The statistical analyses involved the application of descriptive and dispersion measures besides Pearson's correlation coefficient and linear regression analysis. The analyzed variables were highly correlated with feed efficiency. The feed efficiency of lactating goats was affected by the milk fat correction, dry matter digestibility, dietary fiber content, proportion of roughage in the diet and body weight. Among these factors, standardization of the milk fat appeared to be the most efficient in correcting the feed efficiency in lactating goats. Correction of some of these factors implies greater precision in the measurement of feed efficiency.
Introduction
The transformation of food energy into products of animal origin, as in any other energy transformation system, is not devoid of losses since there is an efficiency by which the food energy is used for maintenance and production (Henrique et al., 2005) . Animal feeding is the biggest factor responsible for the expenditures involved in milk production. Decreasing the cost with feeding depends upon improvements in the conversion of the feed to milk nutrients (Linn, 2006) . Such conversion is also named feed efficiency (FE), which is defined as the relationship between the daily volume of produced milk (kg) and the daily dry matter intake (kg).
The pig, poultry and beef-cattle farming sectors have already applied this concept long ago, but only in the last decade was the use of FE introduced in the milk industry (St-Pierre, 2001; Hutjens, 2005; Linn, 2006) . However, FE is highly variable across the dairy herds, and this has a considerable impact on the economic performance. Several factors may affect the FE in dairy herds, e.g. days in milk, parity order, body weight, body condition score, rumen acidosis, genetics, reproduction, healthy status, milk fat correction, dry matter digestibility, thermal stress and addition of additives to the diet (Linn et al., 2009) .
Furthermore, monitoring the FE has become not only an economic marker in dairy farming, but also an excellent environmental marker (Hutjens, 2010) . The deposition of nutrients in the milk will increase as the feed efficiency is increased, which results in lower excretion of residues into the environment (Linn et al., 2009) .
Even today studies conducted with dairy goats adopt feed efficiency calculated as the ratio between the milk volume produced per day (kg) and the daily dry matter intake (kg). In this scenario, the objective of this study was to present some factors affecting feed efficiency in lactating goats.
Material and Methods
For the development of this study, individual and average data from performance experiments with lactating goats were used.
The following variables were evaluated: gross feed efficiency, adjusted feed efficiency, dry matter intake, milkyield, 3.5% fat-corrected milk yield, dry matter digestibility, dietary neutral detergent fiber (NDF) content, different roughage-to-concentrate ratios, and body weight.
The dataset was obtained from nine studies, totaling 37 treatments and 183 experimental units (EU), compiled from theses and papers published in national and international journals (Table 1) .
Three scientific articles (Oliveira Jr. et al., 2002; Zambom et al., 2005; Branco et al., 2011) were used to analyze the influence of 3.5%-fat corrected milk yield on feed efficiency, with 14 treatments and 81 experimental units. Four studies were used for the dry matter digestibility, consisting of one doctoral thesis and three scientific articles (Silva, 2005; Fonseca et al., 2008; Zambom et al., 2008; Branco et al., 2011) , totaling 16 treatments and 83 experimental units. For the NDF levels, three studies were used: one doctoral thesis and two scientific articles (Carvalho et al., 2006; Branco et al., 2011; Felisberto, 2011) , totaling 14 treatments and 51 experimental units. For the roughage: concentrate ratio, two scientific articles were used (Silva et al., 1999; Zambom et al., 2005) , with eight treatments and 38 experimental units. One doctoral thesis (Felisberto, 2011) was used for body weight, totaling four treatments and 16 experimental units.
In the studies in which milk was not corrected for 3.5% fat, we used the equation described by Sklan et al. (1992) :
The gross feed efficiency (FE) and the adjusted feed efficiency were calculated using the following formulae: FE = milk yield (kg)/dry matter intake (kg); Adjusted FE = 3.5% fat-corrected milk yield (kg)/dry matter intake (kg).
The statistical analyses involved the application of the basic descriptive measures to generate the profile of the dataset by the measurements of central tendency (mean and median) and dispersion (maximum, minimum, and standard error of the mean [SEM]) using PROC MEANS. Pearson's correlation coefficient was used to measure the intensity of the linear relationship between the feed efficiency and the other variables, according to procedure PROC CORR. Afterwards, linear regression analysis was performed via procedure PROC MIXED of SAS (Statistical Analysis System, version 9) software. However, because average daily gain (ADG) and dry matter intake (DMI) are variables of normal distribution, and because their division generates a Cauchy distribution variable (Mood et al., 1974) , it is more appropriate to generate a normal distribution variable from the transformation of the two variables according to the descriptions of Box and Cox (1964) . The following model was used:
in which Y ij = measured value on the j-th variable in the i-th study; µ = overall mean; α i = i-th variable; β j = j-th study and e ij = random error.
Results
Overall, the total ranges of the different variables (Table 2 ) behaved satisfactorily given the objectives of the study, in which we used diets that varied from low to high quality.
The dry matter intake, dietary NDF content, roughageto-concentrate ratio and live weight had a negative correlation (P<0.05) with feed efficiency, indicating that increase in these variables inversely affect FE, reducing it (Table 3 ). In contrast, milk yield, 3.5% fat-corrected milk yield and dry matter digestibility positively affected (P<0.05) FE. The fat-corrected milk yield presents a positive correlated (0.89) with FE. Feed efficiency increased by 0.061 points with every one-liter increase in milk yield (Figure 1) .
In the present study we obtained a positive high correlation (0.834) (Table 3) between DMD and FE. Additionally, an increase of 10 percentage points in the DMD allowed for an increment of 0.024 points in FE (Figure 2) .
The correlation between the NDF and FE was −0.87 (Table 3) , confirming the negative effect of increasing the dietary fiber for lactating goats. Yet, an increase of 10 percentage points in the fiber content resulted in reduction of 0.001 point in FE (Figure 3 ).
Feed efficiency reduced (P = 0.02) as the proportion of roughage increased (Figure 4) , and an elevation of 10 percentage point in this proportion of roughage generated a reduction of 0.002 point in FE, which is linked to the low DM digestibility of the roughage in relation to the concentrate. The correlation between these variables was −0.72 (Table 3) , due the negative effect of increase in the proportion of dietary roughage for lactating goats. Feed efficiency is reduced (P = 0.01) as the goats gain weight, with a linear correlation of −0.67 (Table 3 ) between these variables. And an elevation of 10 percentage points in the body weight generated a reduction of 0.016 point in FE ( Figure 5 ) .
Discussion
Milk yield, 3.5% fat-corrected milk yield and dry matter digestibility positively affected (P<0.05) FE, i.e., as the production and digestibility increased, the FE of the animals did likewise, which is in agreement with the results found by some authors (Linn et al., 2007; Socha et al., 2007; Linn et al., 2009) .
Adopting only the milk yield to determine the FE and disregarding the fat content may be a problem, because the production of the milk fat has a high energy cost, which implies the need to normalize the fat or energy content of the milk so as to obtain a more precise measurement of the FE (Linn, 2006) .
High-yield animals are more energetically efficient, since the most part of the ingested energy is diverted to the mammary gland for production of milk, in relation to maintenance (Linn et al., 2007) . Using compiled data from fifteen studies with lactating cows of different breeds and under different dietary systems, Reis et al. (2013) observed that the FE of these animals increased as their fat-corrected milk yield was increased.
The behavior shown by this variable (Figure 1 ) corroborates the findings of Linn et al. (2007) and Reis et al. (2013) , where the fat-corrected milk yield presents a positive, linear relationship with FE. However, another very important aspect is the dry matter intake, which in this For dairy goats, the maximum and minimum fiber contents in the diet to maximize intake and production efficiency are not yet well defined. Carvalho et al. (2006) observed that 27% of NDF from good-quality forage optimized the dry matter intake and the 3.5% fat-corrected milk yield. Linn et al. (2007) observed that increasing the dietary NDF content from 25 to 35% caused the FE to reduce from 1.7 to 1.4. The results obtained in the present study corroborate those found by the abovementioned authors (Figure 3 ). This lower intensity in the reduction of FE may be related to the selective behavior of goats compared with cattle.
The digestibility of the dietary DM is closely related to the feed efficiency. According to Reis et al. (2013) , among the feeds that compose a diet, the most critical is the roughage. It is of utmost importance that the dairy goat have a balanced diet so that there is no waste of nutrients, especially nitrogen, given that under such conditions the dairy goat can ingest up to 6% of its body weight.
Unlike grains and other concentrate supplements, roughages have widely variable digestibility values, causing a direct impact on FE. The presence of the nutritional entity called fiber in roughages is characterized by its slow degradation in the rumen, or even indigestibility. Because the chemical components of the fiber are part of the plant cell wall, the time necessary to reduce the size of these biological structures depends on the physical action of chewing. Thus, most of the times the fiber shows a low transit rate, increasing the amount of undigested residues that remain in the rumen, which leads to the rumen-fill effect. As a consequence, feeds with a high NDF concentration, such as roughages, may affect intake with reflections on the animal response.
Animals of higher body weight have worse FE, on average 9.4% lower (Linn et al., 2009 ). These authors observed that cows with 545 kg of live weight had a FE of 1.55, whereas cows with 815 kg live weight showed a FE of 1.32. This result indicates that animals with a high DMI, which are those with the greatest body weight, tend to have lower FE as compared with lighter animals. This difference is likely the result of the requirement for maintenance, which has a strong influence in the partition of nutrients during lactation (NRC, 2001) .
The net requirement for maintenance represents the energy losses associated with vital body processes like muscle activities, protein turnover, active transport and synthesis of enzymes and/or hormones and others. Body weight is one the factors closely related to net energy for maintenance (Searle et al., 1982) . study was negatively correlated (−0.41) with FE (Table 3) , i.e., FE is reduced as DM intake increases. This suggests that in order to achieve greater FE, not only ingestion of dry matter but also of potentially digestible dry matter should be maximized; in other words, the qualitative potential of the feed directly affects FE.
The increased digestibility of the feeds implies greater availability of nutrients for production of milk; thus, FE improves as milk yield is increased (Figure 2) . According to the NRC (2001), the digestibility of the diet reduces as the ingestion of total dry matter is elevated. Based on this premise, in the calculation to determine the energy content of the diet, a correction is made for the total digestible nutrient (TDN) content of the diet according to the increase in the level of dry matter intake. Gabel et al. (2003) observed that lactating cows fed the same diet, but with 1.4, 2.7 and 4.6 times their energy requirements for maintenance, showed a decrease in DM digestibility (74.8, 72 .3 and 67.2%, respectively) only with increase in dietary DM intake. Hence, the digestibility of the DM or other nutrients, when measured as percentage of the total intake, reduces as the DM intake is increased.
However, for Casper et al. (2004) , it must be emphasized that goats, cows and sheep require quantities of digestible nutrients to produce milk, according to their nutritional requirements. Although the digestibility as percentage in the diet reduces as the DM intake increases, the amount of available digestible nutrients increases as the ingestion of feed by these animals is increased. Thus, maximization in dry matter intake and nutrient digestibility will result in greater milk yield, and consequently higher FE. For Casper et al. (2004) and Linn et al. (2007) , the DMD is positively correlated with the FE.
The formulation of diets having NDF as basis was recommended by Mertens (1994) to maintain the ruminal fermentation steady and avoid reduction in the milk fat content. The NRC (2001) recommends at least 25% fiber in the diet, measured as neutral detergent fiber, and the other 75% of the diet should consist of forages.
Diets with high NDF contents tend to reduce the DM intake of animals because the fiber is the slow and incompletely digestible fraction of the feeds, and has a filling effect in the gastrointestinal tract of animals (Mertens, 1997) . Because of its slow fractional degradation rate and low passage rate through the rumen environment, thus limiting the feed intake, the fiber content of the diet is inversely related to the net energy level. Reduction in the DM intake has a significant impact on the milk production by the animals, and consequently on their FE.
Conclusions
The feed efficiency of lactating goats is affected by the correction of the milk fat, dry matter digestibility, dietary fiber content, use of essential oils in the diet, dietary roughage-to-concentrate ratio and body weight. Among these factors, standardizing the milk fat appears to be most efficient in correcting feed intake in lactating goats. For some of these factors, correction implies greater precision in the measurement of feed efficiency.
